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g (54) TItte: ATTENUATION OF BCHEMIA/REPBRFUSION INJURY 

^ (57) Abstract: This current invention includes conipositions and methods of nitric oxide synthase inhibitors to treat or reduce 
ischemia/reperfusion injury in a patient More specifically, the invention relates to a combinational therapy of 5-Aminoiniida- 
zole-4-carboxaniide-l-B-D ribdnucleoside (AIC AR) and N-acetyl cysteine, (NAC) to attenuate ischemia/reperfusion inj ury to a trans- 
planted organ. 
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DESCRIPTION 

ATTENUATION OF ISCHEMIA/REPERFUSION INJURY 

BACKGROT Tl^Tn OF TH F. TNVETSrTTON 

1, Field of the Invention 

The present invention relates to compositions for and methods of treating or reducing 
ischemia/reperfusion injury in organs. 

2. Description of Related Art 

Ischemia, the lack of oxygen to an organ, rapidly sets into motion a complex series of 
events that affect the structure and function of virtually every organelle and subcellular system of 
the affected cells. Ischemia/reperfusion injury leads to production of excessive amounts of 
reactive oxygen species (ROS) and reactive nitrogen species (RNS) causing oxidative stress 
which results in alterations in mitochondrial oxidative phosphorylation, depletion of ATP, an 
increase in iatracellular calcium and activation of protein kinases, phosphatases, proteases, 
lipases and nucleases leading to loss of cellular function/integrity. Many studies show that an 
inflanmiatory response induced by ischemia followed by reperfusion is largely responsible for 
tissue damage (Vedder et al, 1990; Takada al, 1997). The acute inflammatory response 
initiated by ischotma/reperfusion is characterized by the induction of a proinflamnaatory cytokine 
cascade (Herskowitz et al, 1990). Previous studies have shown that N-acetyl cj^teme (NAC) 
inhibits the induction of pro-inflammatory cytokines and iNOS and production of NO (Pahan 
al, 1998) and also blocks the TNF-a induced apoptotic cell death (Singh et al, 1998). 

hi other studies, N-acetyl cysteine (Koeppel et al 1996), nitric oxide donors (Lopez- 
Neblina al, 1996) and inhibitors of endothelm-1 converting enzyme (VemulapaUi et al, 1993; 
Bird et al, 1995) have been tested as therapeutic agents against ischemia/reperfusion injury with 
Kmited success. The inventor has shown the protective effect of combination therapy of N-acetyl 
cysteme, sodium nitroprusside and phosphoramidon against ischemia/reperfusion injury in rat 
kidney after 90 min of normothermic ischemia CDobashi et al, 2002) and also in dog kidney 
(Sekhbn.e?a/.,2003b). 

5-aniinp-4 imidazole carboxamide riboside (AICAR) has been shown to afford sustained 
protection against myocardial ischemia-reperfusion injury (Alkhulaifi and Pugsley, 1995; 
Galinanes et al, 1995) where it is thought to increase regional blood flow by increasmg local 
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adenosine concentration. It can inhibit neutrophil activation (Mathew et al, 1995) and suppress 
platelet aggregation (BuUough a/., 1994). 

Ischemic/reperfiision injury in organ transplantation is especially problematic because the 
harvested organ is removed from the body, isolated from a blood source, and thereby deprived of 
5 oxygen and nutrients for an extended period of time (U.S. Patent 5,912,019). In fact, one of the 
most critical problems in transplantation today is the relatively high incidence of delayed graft 
flinction (DGF) due to acute tubular necrosis (ATN) after surgery. 

For example, DFG affects 20-35% of kidney transplants in many transplant centers and is 
the most common complication of the immediate postoperative period in renal transplantation. 
0 Although the incidence and definition of DGF vary among transplant centers, the consiequences 
are uniform: prolonged hospital stay, additional invasive procedures, and additional cost to the 
patient and health-care system. DGF impacts botiti the individual patient and the infrastructure 
for organ procurement and sharing because of tlie drain it places on the available organ supply. 
DFG also elevates the risk of early acute rejection episodes and increases early graft loss from 
15 chronic rejection (K.oninge/ a/., 1997; Ojoe^ a/., 1997; Matasef a/., 2000). 

Using curtmt preservation methods, cold ischetnia incurred during organ preservation h^ 
been identified iis a msgor risk fector in causmg delayed graft ftmction after transplant. For 
kidneys, cold ischemia times in excess of 24 hr are associated with a significantly increased risk 
of delayed graft fimction (Koning et al, 1997; Ojo a/., 1997; Tejani et al, 1997). 
20 Effective cold preservation of kidneys was first successfully achieved by Belzer et.al, 

(1967), using machine perfusion and a solution derived from cryoprecipitated plasma (Belzer 
etMl, (1967). This was followed by the introduction of simple cold-storage methods by Collins 
et.al, (1969), using a cold crystalloid solution. Since these early successes with kidney, 
preservation solutions have evolved into entirely synthetic defined media designed to prevent 
25 cold ischemic injury by suppression of cell swelling and provision of metabolic support. The 
first such synthetic solution was the University of Wisconsin (UW) lactobionate-based solution, 
described by Wahlberg et. al, (1986) and subsequentiy proven efifective in pancreas (Wahlberg et 
al., 1987) and hver (Jamieson et al, 1988). UW solution continues today to be considered the 
gold standard by which new cold-storage preservation solutions are evalxiated. 
30 The evolution of the UW solution from its original blood product based composition to 

its current totally synthetic serum-free formulation has resulted in significant improvements in 
the quahly and duration of feasible organ preservation (Ploeg a/., 1988). However, clinical 
data on delayed graft fimction in Udosys clearly demonsti:ate that this solution is not completely 
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successful in preventing cold ischemic graft injury, highlighting that the mechanisms of injury in 
cold-stored organs remain poorly understood, and that fiarther progress in developing methods for 
suppression of cold ischemic injury is needed. 

Therefore, there exists a need for better means of treating or reducing 
5 ischemic/rqperfusion injury to tissues and organs caused by organ transplantation. 

SUMMARY OF THE INVENTION 
The present invention overcomes the deficiencies in the art by providing a surprising and 
effective combination of AICAR and NAC to treat or reduce ischemic/ieperfiision injury in 
tissue and organs. 

10 In one aspect of the present invention, the inventors contemplate phaimaceutically 

acceptable coinpositions and methods for reducing ischemic/reperfiision injury to an organ in a 
patient. The pharmaceutically acceptable composition comprises 

5-aminoimmidazole-4-carboxamide ribonucleoside (AICAR) and N-acetyl cysteme (NAC). The 
methods include administering a therapeutically effective amount of AICAR and NAC to the 

15 patient. 

It is further contemplated that the combination of AICAR and NAC can also reduce the 
risk of and/or treat organ fidlure caused by ischemic/repecfiasion injury and reduce and/or treiat 
delayed graft , function of a transplanted organ in a patient. In some aspects, delayed graft 
function is caused by acute tubular necrosis. 

20 In some mstances, the organ will be transplanted into the patient. In these situations, 

AICAR can be administered to the patient before, during and/or after the organ is transplanted 
into the patient. Sunilarly, NAC can be administered to the patient before, during and/or after 
the organ is traiisplanted into the patient. 

In other aspects of the present invaition, AICAR can be administered to the patient, 

25 before, during or after NAC is administered to the patient. 

AICAR can be administered to the patient from about 30 min to about 90 min before the 
organ is transplanted. Similarly, NAC can be administered to the patient from about 30 min to 
about 90 min before the organ is transplanted. It should be noted that these compounds can be 
administered at any time between 30 to 90 min, including but not limited to 31, 32, 33, 34, 35, 

30 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, .74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 
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88 or 89 min, or any jfraction in between. It is also contemplated, that the compositions could be 

administered at times outside the range of 30 to 90 min. 

In preferred aspects, the organ is a heart, kidney, liver, pancreas or brain. In more 

preferred embodiments of the present invention, the organ is a kidney. As used throughout this 
5 application, "organ" means a part of a mammalian subject composed of several tissues and 

adapted to perform a specific function or functions. Representative organs include, but are not 

limited to, the heart, kidney, liver, pancreas and brain. 

The inventor also contemplates administering &om about 1 to about 100 mg/kg body 

weight of AICAR to a patient. Similarly, it is contemplated that fiwm about 1 to about 200 
0 mg/kg body weight of NAC can be administered to the patient The amount of AICAR and/or 

NAC administered to a patient may vary or fall out side of the ranges given above. As discussed 

in other section of this application, the amount of AICAR and/or NAC administered to the 

patient can vary. 

. As used throughout liie specification and/or claims, the follovn^ 

5 "Derivatives" refers to chemically modified compounds mhibitors or stimulators that still 

retain the desired effects on pioperty(s) of nitric oxide production or pro inflammatory gene, 
protein, and/or activity induction or suppression. Such derivatives may have the addition, 
removal, or substitution of one or more chemical moieties on the parent niolecule. Such moieties 
may include, but are not limited to, an element such as a hydrogen or a halide, or a molecular 

;0 group such as a methyl group. Such a derivative may be prepared by any method known to those 
of skill in the art. The properties of such derivatives may be assayed for thek desired properties 
by any means described herein or known to those of skill in the art. 

"Analogs" include structural equivalents or mimetics, described further in the detailed 
description. 

>5 A "patient" or "subject", as used herein, may be an animal. Preferred animals, are 

mammals, including but not limited to humans, pigs, cats, dogs, rodents, horses, cattle, sheep, 
goats and cows. Preferred patients and subjects are humans. 

"Inhibitors" refers to such compounds or agents that produce any measurable decrease in 
tiie activity, production, or secretion of a protein or biological compound, or the translation of 
30 inRNA,in,orinthecase.ofsecretion,fix)m,acell. 

"Reducing ischemic/reperfiision mjuiy*' means any measurable decrease or reversal of 
damage to organs that are stored or tansplanted into a patient Similarly, "reducing" means any 
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measurable decrease or complete inhibition of damage to organs that are stored or transplanted 
into a patient. 

The words "a" and "an," as used in this specification, including the claims, denotes "one 
or more." Specifically, the use of "comprising," "having," or other open language in clauns that 
5 claim a combination or method employing "an object," denotes that "one or more of the object" 
may be employed in the claimed method or combination. 

BRIEF DESCRTPTIQN OF THE DRAWINGS 
The following drawings form part of the present specification and are included to further 
demonstirate certain aspects of the present invention. The invention may be better understood by 
10 reference to one or more of these drawings in combination with the detailed description of 
specific embodiments presented herein. 

FIG. 1. Effect of AICAR and NAC on the life span of dogs and kidney fimction. FIG. 
1 A Effect of AICAR and NAC on survival of dogs after 48 hr of cold ischemia to the kidneys. 
The dogs in the ischemia alone group had to be euthanized to post-op day 1 to post-op day 4 
15 while the treated animals had 100% survival. FIG. IB Effect of AICAR and NAC on serum 
creatinine levels in dogs after 48 hr of cold ischemia to kidney. Serum creatinine was measured 
using a creatinine kit ^cedure no. 555) obtained from Sigma Diagnostic Co., St. Louis, MO. 
The values are ejcpressed as mean +/- SEM for n=5 (untreated) and n=7 (treated). FIG. IG 
Effect of AICAR and NAC on blood urea nitix)gen levels in dogs after 48 hr of cold ischemia to 
20 kidney. BUN was measured using a blood urea nitrogen kit (procedure no. 535) obtained firom 
Sigma Diagnostic Co., St. Louis, MO. The values are expressed as mean SEM for ,n=5 
(untreated) and n=7 (treated). 

FIG. 2. Effect of AICAR and NAC on the morphology of renal tissue foUowmg 
ischemia/ieperfusion injury is shown in the light microscopic pictures of kidney tissues firom 
25 control (A). Untreated (B) and AICAR and NAC treated (C) (representative of 20 
photomicrographs; H & E magnification 200X). Tissue sections were stained for morphologic 
evaluation as discussed in Example 1. 

FIG. 3. Effect of AICAR and NAC on tiie expression of TNF-a in kidney tissue 
following ischemic/reperfiision injury. Tissue sections were immunostained with antibodies 
30 against TNF-a as described in Example 1 (representative of 20 photomicrographs; magnification 
400X) ■ (A) control kidney. (B) Untreated kidney at 1 day of reperfiision. (C) Treated kidney at 
Idayofreperfusion. (D) Treated kidney at 14 daj^ of reperfiision. 
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FIG. 4. Effect of AICAR and NAC on the expression of IFN-7 in kidney tissues 

following ischemia/reperfusion injury. Tissue sections were immunostained with antibody 

against IFN-y as described in Example 1 (representative of 20 photomicrographs; magnification 

400X). (A) control kidney. (B) Untreated kidney at 1 day of reperfixsion. (C) Treated kidney at 

5 1 day of reperfixsion. (D) Treated kidney at 14 days of feperfusion. 

SIG. 5. Effect of AICAR and NAC on the expression of iNOS in kidney tissue following 

ischemia/reperfusion injury. Tissue sections were immunostained with antibody against iNOS as 
described in Example 1 (representative of 20 photomicrographs; H & E magnification 400X). 
(A) control Icidney. (B) Untreated kidney at 1 day of reperfusibn. (C) Treated kidney at 1 day of 

0 reperfixsion. (D) Treated kidney at 14 days of reperfiision. 

' FIG. 6. Effect of AICAR and NAC on apoptosis (tunel assay) in kidney tissue following 
ischemia/reperfixsion injury. Tissue sections were immunostained for detection of apoptosis as 
described in Example 1 (representative of 20 photpmiarographs; magnification 200X). (A) 
control kidney. (B) Untreated kidney at 1 day of reperfixsion. (C) Treated kidney at 1 day of 

5 reperfixsion. (D) Treated kidney at 14 daj^ of reperfixsion. 

niTTAn .ED BTCSCRIPTION OF THE INV ENTION 
' ' Ischemia, the lack of blood to an organ rapidly sets into motion a complex series of 
events that affect the structure and fimction of virtually every organelle and subcellular system of 
the affected ceUs. Ischemic insult is very often the end point of many disease processes leading 
to to significant morbidity and mortality. Ischemic/reperfixsion injury is especially problematic in 
organ transplantation because the harvested organ is removed from the body, isolated from a 
blood source, and thereby deprived of oxygen and nutrients for an extended period of time (U.S. 
Patent 5,912,019). 

Previous studies have shown that nitric oxide (NO), a diffusible firee radical, appears to 
>5 have both neurotoxic and neuroprotective effects and may have a role hi the pathogenesis of 
ischemia and traumatic injuries associated with infiltiating macrophages and the production of 
promflamatoiy cytokines (Mitrovic a/., 1994; Bo etal., 1994; Merrill fl/., 1993; 
Dawson et al, 1991, Kopranski et al, 1993; Bonfoco et al, 1995). 

The inventors have discovered that inhibitors of nitiic oxide synthase, the enzyme that 
30 produces NO, are usefiil for treating or reducing ischemic/reperfiision injury in organs and tissue. 
More specifically, the inventors have discovered tiiat the combination of AICAR and NAC can 
be used to reduce and/or treat ischemia/reperfixsidn injury in organs and tissue. 
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1. Nitric Oxide Synthase 

NO is synthesized fix>m L-arginine by the enzyme nitric oxide synthase (NOS) (Nathan, 
1992). Nitric oxide synthases are classified into two groups. One type, constitutively expressed 
(cNOS) in several cell types (e.g., neurons, endothelial cells), is regulated predominantly at the 
5 post-transcriptional level by calmodulin in a calcium dependent manner (Nathan, 1992; 
Ja&ey etal., 1995). In contrast, the inducible form (DSTOS), synthesized de novo in response to 
different stimuli in various cell types including macrophages, hepatocytes, myocytes, neutrophils, 
endothelial and messangial ceUSj is iadependent of cdcium. 

2. Inhibitors of nitric oxide synthase 

10 Inhibitors of nitric oxide synthase include, but not limited to, lovastatin, mevastatin, EPT 

inhibitor H, forskolin, rolipram, phenylacetate (NaPA), N-acetyl cysteine (NAC), pyroUdine 
dithioearbamate (PDTC), 4-phenylbutyrate (4PBA), 5-aminoimraidazole-4-carboxamide 
ribonucleoside (AICAR), theophylline, papaverine, cAMP, 8-bromo-cAMP, (S)-cAMP, and 
salts, analogs, or derivatives thereof. 

15 L S-amino 4-imidazolecarboxainide ribotide (AICAR) 

AICAR has been shown to reduce ischemic comphcations during coronary artery bypass 
graft surgery (Mangano, 1995; Menasche, 1995). The inventor has shown that activation of 
AMP-activated protein kinase (AMPK) by AICAR down regulated the LPS mediated induction 
of pio-inflammatory cytokines, iNOS and NO production in rat primary astrocyte, microglia and 

20 peritoneal macrophages (communicated). AMPK has been recently reported to have a protective 
fiinctian during glucose deprivation in neurons (Culinsee et al, 2001) and it has been shown to 
protect astrocytes (Blazquez et al, 2001) and thymocytes (Stefenelli et al, 1998) fccm apoptosis 
and necrosis. These observations indicate that AMPK may be target molecide for anti- 
itiflammatpry drugs such as AICAR. AICAR has been previously used as a drug for treating 

25 Lesch-Nyhan Syndrome at a relatively high dose (1 OOmgOcg body weight) safely and without any 
side effects (Page a/., 1994). 

iL NAC 

NAC is an antioxidant that reacts with hydroxyl radical and hypochloric acid but is poorly 
reactive with hydrogen peroxide and the superoxide radical. NAC has been used in a variety of 
30 disease states like acetaminophen toxicity, puhnonary oxygen toxicity and human 
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immionodeficiency virus mfection. The inventor has shown the protective effect of pre- 
administration of NAC on focal cerebral ischemia in rats (Sekhon et ah, 2003a) 

hiduction of iNOS under infla mm atory condition leads to the production of large amount 
of NO for longer period of time. The toxic effect of NO may be attributed to peroxynitrite 
5 (ONOO), which is a reaction product of NO with oxygen. NAC has been shown to be beneficial 
in ischemic brain injury by inhibiting NO production. NAC has efficiently blocked the iNOS 

expression. 

Reactive oxygen species have been sho^vn to cause direct DNA damage (Hagar et ah, 
1996). NAC has reduced ischemia-induced DNA fragmentation. Previous studies from the 
10 inventor have shown that NAC also inhibits the induction of pro-inflammatory cytokines (Pahan 
a ah, 1998) and also blocks the TNF-a induced apoptotic cell death in cultured brain cells 
(Singh e< a/., 1998). 

3. Second Generation Inhibitors 

In addition to the nitric oxide synthase inhibitory compounds initially identified, tlie 
15 . inventor also contemplates that other stericaUy similar compounds n^y be formulated to mimic 
the key portions of the structuie of these inhibitors. Such compounds may be used in the same 
manner as the nitric oxide synthase inhibitors identified herdn. 

The generation of fiirther structural equivalents or mimetics may be achieved by the 
techniques of modeling and chemical design known to those of skill in the art. The art of 
20 computer-based chemical modeling is now well known. Using such methods, a chemical 
compounds acting in a similar manner as those nitric oxide synthase icihibitors identified herein 
can be designed and synthesized. It will be understood that all such sterically similar constructs 
and second "generation molecules fall within the scope of the present invention. 

4. Optimization in Therapy 

25 A compound identified as having the abihty to reduce ischemic/reperfusion injury in a 

subject can be assayed by its optimum therapeutic dosage alone or in combination with another 
such compound. Such assays are well known to those of skill in the art, and include tissue 
culture or animal models for various disorders that are treatable with such agents. 

Examples of such assays include those described herein and in U.S. Pat No. 5,696,109. 

30 For instance, an assay to determine the therapeutic potential of molecules in brain ischemia 
(stroke) evaluates an agent's ability to prevent irreversible damage induced by an anoxic episode 
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in brain slices maintained under physiological conditions. An animal model of Parkinson's 
disease involving iatrogenic hydroxyl radical generation by the neurotoxin MPTP (Chiueh et al, 
1992, incorporated herein by reference) may be used to evaluate the protective effects of iNOS or 
pro-inflammatory cytokine induction inhibitors. The neurotoxin, MPTP, has been shown to lead 

5 to the degeneration of dopaminergic neurons in the brain, thus providing a good model of 
ejcperimentally induced Parkinson's disease {e.g., iatrogenic toxicity). An animal model of 
ischemia and reperfusion damage is described using isolated iron-overloaded rat hearts to 
measure the protective or therapeutic benefits of an agent. Briefly, rats receive an intramuscular 
injection of an iron-dextran solution to achieve a significant iron overload in cardiac tissue. 

10 Heart are then isolated and then subjected to total global normothermic ischemia, followed by 
reperfiision with the perfusion medium used initially. During this reperfiision, heart rate, and 
diastolic and systolic pressures were monitored. Cardiac tissue samples undergo the electron 
miax)scopy evaluation to measure damage to mitochondria such as swelling and membrane 
rupture, and cell necrosis. Comparison of measured cardiac fimction and cellular structural 

15 damage with or without the agent or iron-overloading after ischemia/reoxygenation is used to 
determine the therapeutic efFectivesness of the agent. 

5. Combmation Therapy 

In order to increase- the. effectiveness of the ischemic/reperfiision injury therapy of the 
present invention, it may be desirable to combine the present compositions/combination ther^y 

20 with otter agents and methods effective in the treatment ischemic/reperjEusion injury. Such 
agents include, but are not limited to, anti-inflammatory agents, particularly non-steroidal anti- 
inflknmatory drugs (NSAEDs), vasodilator prostaglandins including prostacyclin and 
prosta^andin E sub 1, cancer chemother^eutic agents including cisplatin, NO donors or NO 
inhalation therapy, or PAF-receptor antagonists. Other possible agents that can be used in 

25 combination with the present invention include nitro-glutathione and curcumin. 

Combinations of nitric oxide synthase inhibitors are provided in a combined amount 
effective to confer a therq)eutic benefit to a person suffering an ischemic/reperfiision injury. 
This process may involve administering the combination of AICAR and NAC and another 
agent(s) to the subject at the same time, for example, using a single composition or 

30 pharmacological formulation that includes both agents, or using two distinct compositions or 
formulations given at the same time, wherein one composition includes AICAR administered 
before, during or after NAC and the other includes the secoiid agent(s). Alternatively, the second 
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agent therapy may precede or follow, the AICAR/NAC combination treatment by intervals 
ranging from mint to weeks. 

The exact schedule of treatment with the AICRA/NAC combination therapy and the 
second agent is determined in large part by the pharmacokinetic or pharmacodynamic properties 
of AICAR, NAC and the second agents. 

In embodimraits where the other agent and the AICAR/NAC combination therapy are 
administered separately to the subject, one may wish that a significant period of time did not 
expire betweea the time of each delivery, such that the second agent and the AICAR/NAC 
combination therapy would be able to exert an advantageously combined effect on the subject. 
In such instances, it is contemplated that one may administer to the subject with both modalities 
within about 12-24 h of each other and, more preferably, witlim about 6-12 h of each other, hi 
some situations, it may be desirable to extend the time period for treatment significantly, 
however, where several days (2, 3, 4, 5, 6 or 7) to several weeks (1, 2, 3, 4, 5, 6, 7 or 8) lapse 
between the respective administrations. 

V - r Various combinations may be employed, the AICAR/NAC combination therapy is "A" 
and the second agent is "B": 

A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B 
B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A B/B/A/A 
B/A/B/A B/A/A/B A/A/A/B B/A/A/A A/B/A/A A/A/B/A 

6. Pharmaceutical Compositions 

Pharmaceutical compositions of the present, invention comprise AICAR and NAC. The 
phrases "pharmaceutical or pharmacologically acceptable" refers to molecular entities and 
compositions that do not produce an adverse, allergic or other untoward reaction when 
admmistered to an animal, such as, for example, a human. The preparation of a pharmaceutical 
composition comprising AICAR and NAC wiU be known to those of skill in the art in Ught of the 
present disclosure, as exempUfied by Remington's Pharmaceutical Sciences, 18th Ed. Mack 
Printing Company, 1990. Moreover, for animal (e.g., human) administration, it will be 
miderstobd that preparations should meet sterihty, pyrogenicity, general safety and purity 
standards as requked by FDA Office of Biological Standards. 

"Therapeutically effective amounts" are those amounts effective to produce beiieficial 
results, particularly with respect to cancer tireatmeaat, in the recipient animal or patient Such 
amounts may be initiaUy determined by reviewing the published literature, by conducting in vitro 
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tests or by conducting metabolic studies in healthy experimental animals. Before use in a clinical 
setting, it may be beneficial to conduct confirmatory studies in an animal model, preferably a 
widely accepted animal model of the particular disease to be treated. Preferred animal models 
for use in certain embodiments are rodent models, which are preferred because they are 
5 economical to use and, particularly, because the results gained are widely axxjepted as predictive 
of clinical value. 

As used herein, "phaimaceutically acceptable carrier" includes any and all solvents, 
dispersion media, coatings, surfiictants, antioxidants, preservatives (e.g., antibacterial agents, 
antifungal agents), isotonic agents, absorption delaying agents, salts, preservatives, drugs, drag 
10 stabilizers, gels, binders, excipients, disintegration agents, lubricants, sweetening agents, 
flavoring agents, dyes, such Hke materials and combinations thereof, as would be known to one 
of ordinary skill in the art (Elemington's, 1990). Except insofar as any conventional carrier is 
incompatible with the active ingredient, its use in the therapeutic or pharmaceutical compositions 
is contemplated. ^ 
15 The compositicHOS of the present invention may comprise different types of carriers 

depending on whether it is to be administered in solid, liquid or aerosol form, and whether it 
need to be sterile for such routes of administration as injection. The present invention can be 
administered intravenously, intradermally, intraarteriaUy, intraperitoneaUy, intralesionally, 
intracranially, intraarticularly, intraprostaticaly, intrapleurally, intratracheally, intranasally, 
20 intravitreally, intravaginally, intrarectally, topically, mtratumoraUy, intramuscularly, 
intr^eritoneally, subcutaneously, subconjunctival, intravesicularlly, mucosaUy, 
intrapericardially, intraumbilically, intraocularally, orally, topically, locally, inhalation 
(e.g.. aerosol inhalation), injection, infusion, continuous infusion, localized perfusion bathing 
tiarget cells directly, via a catheter, via a. lavage, in crenaes, in lipid compositions (e.g., 
25 Uposomes), or by other method or any combination of the forgoing as would be known to one of 
ordinary skill in the art (Remington's, 1990). 

The actual dosage amount of a composition of the present invention administered to an 
animal patient can be determined by physical and physiological factors such as body weight, 
severity of condition, the type of disease being treated, previous or concurrent fhera|>eutic 
30 interventiohs, idiopathy of the patifent and on the route of adrninistratioiL The practitioner 
responsible for administration wiU, in any event, determine the concentration of active 
ingredient(s) in a composition and z^propriate dose(s) for the individual subject. 
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In certain embodiments, phannaceutical compositions may comprise, for example, at 
least about 0.1% of an active compouad. In other embodiments, the an active compound may 
comprise between about 2% to about 75% of the weight of the unit, or between about 25% to 
about 60%, for example, and any range derivable therein, hi other non-limiting examples, a dose 
may also comprise jfrom about 1 microgram/kg/body weight, about 5 microgram/kg/body weight, 
about 10 microgram/kg/body weight, about 50 microgram/kg/body weight, about 100 
microgram/kg/body weight, about 200 microgram/kg/body weight, about 350 
microgram/kg/body weight, about 500 microgram/kg/body . weight, about 1 milligram/kg/body 
weight, about 5 milligram/kg/body weight, about 10 milligram/kg/body weight, about 50 
milligram/kg/body weight, about 100 milligram/kg/body weight, about 200 miUigram/kg/body 
weight, about 350 milligram/kg/body weight, about 500 miUigram/kg/body weight, to about 
1000 mg/kg/body weight or more per administration, , and any range derivable therein. In non- 
limiting examples of a derivable range from the numbers listed herein, a range of about 5 
mg/kg/body weight to about 100 mg/kg/body weight, about 5 nacrogram/kg/body weight to 
about 500 milligram/kg/body weight, etc., can be administered, based on the numbers described 
above.: ; . 

Iq any case, the composition may comprise various antioxidants to retard oxidation of one 
or more component. Additionally, the prevention of the action of microorganisms can be 
brought about by preservatives such as various antibacterial and antifungal agents, including but 
not limited to parabens (e.g., methylparabeiis, propylparabens), chlorobutanol, phenol, sorbic 
acid, thimerosal or combinations thereof. 

The comjpositions may be forrnulated into a composition in a free base, neutral or salt 
form: Pharmaceutically acceptable salts, include the add addition salts, e.g., those formed with 
the free ainino groups of a proteinaceous composition, or which are formed with inorganic acids 
such as for example, hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, 
tartaric or mandelic acid. Salts formed with the free carboxyl groups can also be derived from 
inorganic bases such as for example, sodium, potassium, ammonium, calcium or ferric 
hydroxides; or such organic bases as isopropylamine, trimethylamine, histidine or procaine. 

In embodiments where the composition is in a liquid form, a carrier can be a solvent or 
dispersion medium comprising but not limited to, water, ethanol, polyol (e.g., glycerol, propylene 
glycol, liquid polyethjdene glycol, etc), lipids (e.g., tiiglyeerides, veget^le oils, liposomes) and 
combinations thereof. The proper fluidity can be maintained, for example, by the iMie of a 
coating, such as lecithin; by the maintenance of the required particle size by dispersion in carriers 
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such as, for example liquid polyol or lipids; by the use of surfactants such as, for example 
hydroxypropylcellulose; or combinations thereof such methods. In many cases, it will be 
preferable to include isotonic agents, such as, for example, sugars, sodhun chloride or 
combinations thereof. 

In other embodiments, one may use eye drops, nasal solutions or sprays, aerosols or 
inhalants in the present invention. Such compositions are generally designed to be compatible with 
the target tissue type. In a non-limiting example, nasal solutions are usually aqueous solutions 
designed to be administered to tiie nasal passages in drops or sprays. Nasal solutions are prepared 
so that they are similar in many respects to nasal secretions, so that normal ciliary action is 
maintained. Thus, in preferred embodiments, the aqueous nasal solutions usually are isotonic or 
slightly buffered to maintain a pH of about 5.5 to about 6.5. la addition, antimicrobial 
preservatives, snnilar to those used in ophthalmic preparations, drags, or appropriate drug 
stabilizers, if required, maybe included in the fomiulation. For exan^le, various commercial nasal 
preparations are known and include drags such as antibiotics or antihistamines. 

In certain embodiments, the compositions are prepared for administration by such routes 
as oral ingestion. In these embodiments, the sohd composition may comprise, for example, 
solutions, suspensions, emulsions, tablets, pills, capsules (e.g., hard or soft shelled gelatin 
capsules), sustained release formulations, buccal, compositions, troches, eUxirs, suspensions, 
syraps, wafers, or combinations thereof Oral compositions may be incorporated directly with 
the food of the diet Preferred carriers for oral administration comprise inert diluents, assimilable 
edible carriers or combinations thereof. In other aspects of the invention, the oral composition 
niay be prepared as a syrup or elixir. A syrap or elixir, and may comprise, for example, at least 
one jujtive agent, a sweetening agent, a preservative, a flavOTing agent, a dye, a preservative, or 
combinations thereof. 

In certain embodiments, an oral composition may comprise one or more binders, 
excipients, disintegration agents, lubricants, flavoring agents, and combinations thereof. In 
certain embodimeaits, a composition may comprise one or more of the following: a binder, such 
as, for example, gum tragacanth, acacia, cornstarch, gelatm or combinations thereof; an 
excipient, such as, for example, dicalcium phosphate, mannitol, lactose, starch, magnesium 
stearate, sodium saccharine, cellulose, magnesium cariionate or combinations thereof; a 
disihte^ating agent, such as, for example, corn starch, potato starch, alginic acid or combinations 
thereof; a lubricant, such as, for example, magnesium stearate; a sweetening agent, such as, for 
example, sucrose, lactose, saccharin or combinations thereof; a flavoring agent, such as, for 
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example peppermint, oil of wintergreen, cherry flavoring, orange flavoring, etc.; or combinations 
thereof the foregoing. When the dosage unit form is a capsule, it may contain, in addition to 
materials of the above type, carriers such as a liquid carrier. Various other materials may be 
present as coatings or to otherwise modify the physical form of the dosage unit. For instance, 
5 tablets, pills, or capsules may be coated.with shellac, sugar or both. 

Additional formulations which are suitable for other modes of administration include 
suppositories. Suppositories are solid dosage forms of various weights and shapes, usually 
medicated, for insation into the rectum, vagina or urethra. After insertion, suppositories soften, 
melt or dissolve in the cavity fluids. In general, for suppositories, traditional carriers may include, 
10 for example, polyalkylene glycols, triglycerides or combinations thereof. In certain embodiments, 
suppositories may be fonned fiom mixtures containing, for example, the active ingredient in the 
range of about 0.5% to about 10%, and preferably about 1% to about 2%. 

Sterile injectable solutions are prepared by incorporating the active compounds in the 
required amount in the appropriate solvent with various of the other ingredients , enumerated 
15 above, as required, followed by filtered sterilization. Generally, dispersions are prepared by 
incorporating tiie various sterilized active ingredients into a sterile vehicle which contains the 
basic dispersion medium and/or the other ingredients. In the case of sterile powders for the 
preparation of sterile injectable solutions, suspensions or emulsion, the preferred methods of 
preparation are vacuum-drying or freeze-drying techniques which yield a powder of the active 
20 ingredient plus any additional desired ingredient firom a previously sterile-filtered liquid medium 
thereof. The liquid medium should be suitably buffered if necessary and the Uquid diluent first 
rendered isotonic prior to injection wdth sufficiait saline or glucose. The preparation of highly 
concentrated compositions for direct injection is also contemplated, where the use of DMSO as 
solvent is envisioned to result in extremely rapid penetration, delivering high concentrations of 
25 the active agents to a small area. 

The composition should be stjible under the conditions of manufacture and storage, and 
preserved against the contaminating action of microorganisms, such as bacteria and fungi. It will 
be appreciated that exotoxin contamination should be kept minimally at a safe level, for example, 
less that 0.5 ng/mg protein. 
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7. Kits 

In one aspect, the invention provides a therapeutic kit comprising, in suitable container 
means, a tiierapeutically-effective amount of one or more nitric oxide synthase inhibitors. In 
prefenred embodiments, the kit will include a composition comprising AICAR and NAC. 
5 The container means will generally include at least one vial, test tube, flask, bottle, 

syringe or other container means, into which the composition(s) may be placed, preferably, 
suitably allocated. The kits may also comprise a second/third container means for containing a 
sterile, pharmaceutically acceptable buffer or other diluent. 

The kits of the present invention will also typically include a means ibr containing the 
10 vials m close confinement for commercial sale, such as, e.g., injection or blow-molded plastic 
containers into which the desired vials are retained. Alternatively, liie vials may be prepared in 
such a way as to permit direct introduction of the composition into an intravenous drug delivery 
system. 

The following examples are included to demonstrate new and inventive methods of the 
inventor and preferred embodiments of the invention, it should be appreciated by those of sldH 
m the art that the techniques disclosed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice of the invention, and thus can be 
considered to constitute preferred modes for its practice. However, those of skiU in the . art 
should, in light of the present disclosure, appreciate that many changes can be made in the 
specific embodiments which are disclosed and still obtain a Uke or similar result without 
departing from the spirit and scope of the invention. 

EXAMPLE 1 

25 Materials and Methods 

Animals: Male mongrel dogs weightmg 15-20 kg (Marshal Fanns, 
study. These animals were acclimatized and maintained on a standard diet for 1 week before the 
surgical procedure. AU animals received huniane care, in compliance wilii the Medical 
University of South Carolina's guidelines and the National Research Council's criteria for 
30 humane care as outline in "Guide for the Care and Use of Laboratory Animals". 

Antibodies and Kits: Mouse monoclonal TNF-a antibody (SC-7317) and goat 
polyclonal IFN-y antibody (SC-1377) were obtained firom Santa Oruz Biotechnology, Inc., Santa 



15 



20. 



15 



wo 2004/098505 



PCT/US2004/013331 



Cruz, CA. Rabbit polyclonal iNOS antibody (N32030-050) was obtained from Transduction 
Laboratories, San Diego, CA. Apop tag plus peroxidase in situ apoptosis detection kit (S7101) 
was obtained from Intergen Company, NY. Creatinine (procedure no. 555) and blood urea 
nitrogen (procedure no. 535) kits were obtained from Sigma Diagnostics Co. St. Louis, MO. 

5 Esperimental Groups and Operative Technique: After overnight fast, the animals 

were preanesthetized with subcutaneous biq)renorphin (0.02mg/kg body weight) H hr prior to 
sedation. An intravenous catheter was placed in the cephalic vein and antibiotic prophylaxis 
Cefazolin sodium SOOmg was given. The dogs were sedated with Pentothal sodium 3mg/kg 
body weight and then maintained during the procedure with isoflurane (0.5-2.0% in O2. An 

10 epidural injection of morphine (O.lmg/kg body weight) was given to obtain prolonged post- 
operative analgesia. The abdonainal skin was sterilized with povidine-iodine. A midline incision 
was given. The left kidney was exposed, carefully dissected from perirenal tissue and fat and 
was removed following the ligation of ureter, renal artery and vein with 3-0 silk sutures. The 
kidney was placed on ice and the renal artery was caonulated to flush the kidney with 150-250 ml 

15 of cold University of Wisconsin solution. The flushed kidney was preserved in the flush-out 
splutiomin the . isolation bags and kept at 4°c. The midline incision was sutured in three layers; 
muscle peritoneum with 2-0 vicryl, subcutaneous fkscia with 3-6 vicryl and skin layer with 3-0 
nylon. 

After 48 hr the same dog was anesthetized, catheterized with a urinary catheter and 
20 opened through midline again. The right kidney was exposed, isolated and removed following 
ligation of right renal pedicle with 3-0 silfc Inferior vena cava and the abdominal aorta were 
isokted just jfcove the aortic bifimiation in the lumbo-sacral area. The preserved kidney was 
taken out of ice and the renal artery and vein were anastomosed to abdominal aorta and infaior 
vena cava respectively. Submuscular tunneling technique was used for ureteral anastomosis into 
25 the urinary bladder. Kidn^ was reperfused and the blood flow was monitored visually to and 
from the kidney. Abdomen was closed as described earlier. The animals were divided into the 
following groups: 

1. Untreated group. (n=5) - The above procedure was followed but no compound 
was tested. 

30 2. Treatmeht group. (n=7) - The above procedure was followed and the following 

compounds were used as follows: 
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(i) AICAR at 50 mg/kg body wt. in a slow intravenous infusion over 30 inin 
starting 30 min before left nephrectomy and 30 min before implantation of 
the preserved kidney. 

(ii) NAC at 100 mg/kg body weight intravenously one hour before 
nephrectomy and one hour before implant. 

(iii) AICAR and NAC were also added to tlie flushing solution (UW solution) 
at 100 mg and 200 mg per kilo weight of kidney respectively. 

• The animals were allowed food and water after recovering &om anesthesia. Blood 
samples were drawn post-operatively at different time intervals and serum creatinine and blood 
urea nitrogen were measured for up to 14 days of reperfusion. The animals were sacrificed at 
different time points of reperfusion for morphological and immunohistochemical studies on the 
harvested kidney. ' 

Light Microscopic Evaluation of Renal Tissue Sections: light microscopy was done 
to evaluate the morphology of kidney tissue fiom different experimental groups. Kidneys were 
fiixed in 10% buffered formalin (Stephens Scientific, Riverdale, NJ). The tissues were embedded 
in paraffin and sectioned at 4 mm thickness. Sections were then stained with hematoxylin ajid 
eosin (H & E) stain to evaluation morphological changes. 

Immunoshistochemistry: Since proinflammatory cytokines (TNF-a, IFN-y) and iNOS 
play an important role in the pathogenesis of kidney ischemia/reperfusion injury, the expression 
of these cytokines was determined by immunohistochemical analysis using highly specific 
antibodies. Paraffin embedded sections from the formalin fixed kidneys were stained for various 
cytokines (INF-a, IFN-7) and iNOS. In brief, the kidney sectioiis were deparaffinized and 
sequentially rehydrated in graded alcohol and then immersed in phosphate buffered saline (PBS, 
pH 7.4). SUdes were then microwaved for two minutes in antigen unmasking fluid (Vector Labs, 
Burlingame, CA), cooled and washed 3x for 2 min in PBS. Sections were immersed for 25 min 
in 3% hydrogen peroxide in distilled water to eliminate endogenous peroxidase activity, then 
blocked in immunohistochemical grade BSA (1% PBS) for 1 hr and diluted goat serum (Vector 
ABC EUte kit) for 30 min to reduce non-specific staining. Sections were incubated overnight 
with primary antibody (INF-a, diluted in blocking buffer to 1:50, lEN-^, diluted in blocking to 
1:100 and iNOS, (filuted in blocking buffer to 1:200) and then rinsed 3x for 6 nun in PBS 
containing 0,1% Tween-20. Afterwards, iNOS was detected wit a rabbit polyclonal antibody and 
an avidin biotin HRP complex (Vectastain ABC-Elite kit. Vector Laboratories, Burlingame, CA) 
with diaminobenzidine (DAB) as a substrate. TNF-a and IFN-y were detected with mouse 
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monoclonal antibody and goat polyclonal antibody respectively (Saata Cruz Biotechnology, Inc., 
Santa Cruz, CA). Slides were then dehydrated through a graded series of alcohol and mounted m 
ipermount and cover slipped. All of the sections were analyzed using a Zeiss Olympus 
Microscope and images were captured using a Kontiron digital camera controlled by Adobe 
Photoshop (Adobe S)^tems, CA). 

Tnnel Assay:. Tunel assay was performed to detect apoptosis as a marker of all death due 
to ischemia/reperfusion injury. Renal tissue sections were deparaffinized and rehydrated through 
three changes of xylene and graded alcohol and washed in PBS for 5 min and then incubated in 
20 ng/ml proteinase k for 15 min at room temperature. The apoptag plus peroxidase kit (Intergen 
Company) was used according to the manufacturer's instructions. Briefly, endogenous 
peroxidase activity ia the kidney sections was blocked by incubation for 5 min with 3% H2O2 in 
phosphate buflfered saline, followed by incubation for lO seconds with equilibration buffer. The 
sections were then incubated for 60 min at 37°c with terminal deoxynucleotidyl transferase (TdT) 
enzyme in reaction buffer. The reaction was terminated by incubation with stop buffer at room 
temperature. Sections were then incubated with peroxidase conjugated anti-digoxigenin. antibody 
for 30 mill at room temperatiJie and the reaction was developed with DAB as substrate for 4 min 
at room temperature. Sections were counterstained with methyl green stain, dehydrated through 
a graded series of alcohol and mounted in permount for microscopy. 

Statistical Analysis: Data are expressed as mean values ± standard error of mean (SEM) 
for each number of experiments. Statistical analysis was evaluated by two-tailed t-test for 
unpaired observations. Differences at P<0.05 were taken as statistically significant. 

EXAMPLE 2 
Results 

Treatment with AICAR + NAG increased the life span of the dogs and protected the 
functions of kidney exposed to ischemia/reperfusion injury (EIG. 1): The dogs in the 
ischemia group had to be euthanized at post-op day 1 to post-op day 4 because of poor clinical 
condition, severe azotemia and oliguria indicating an acute renal feilure while the dogs m the 
AICAR + NAC treatment group were completely protected showing 100% survival (FIG. lA). 
These dogs were euthanized after 14 days of reperfusion (the maximum time approved for the 
protocol by the lACUC, Medical University of South Carolina, Charleston, SC). Serum 
creatinine levels, measured as an index of kidney fiinctioh, peaked to 1 1.2 mg/dl in the lintireated 
groiq) prior to euthanasia while in the treatment group, serum creatinine peaked to mean 7.26 
mg/dl by day 3 of reperfusion (FIG. IB). Blood urea nitrogen, measured as another index of 
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kidney function, peaked to 158 mg/dl prior to euthanasia in the untreated group. BUN levels in 
the treated group peaked to mean 123.4 mg/dl by day 4 of reperfusion (FIG. IC). These serum 
creatinine and BUN levels in the treated group came down to near normal after 14 days of 
reperfiision. 

Light Microscopic Evaluation of the Kidney Sections for Morphological Changes: 
H & E stained histological sections of the ischemic kidney (FIG 2B & FIG. 2C) showed the most 
prominent changes in the proximal tubules. The tubular lining cells shed into the tabular lumen 
leading to increased amounts of protein in the lumen. Some tubules showed complete loss of the 
lining cells, while others showed single cell necrosis with nuclear pyknosis and cytoplasmic 
eosinophilia. There was congestion of the tissue with foci of interstitial hemorrhage. The 
changes were move marked in the medulla. Sections of the treated kidney showed architectural 
and cytologic preservation. A few foci ofdj^trophic calcification were seen (FIG, 2D). Overall, 
the morphological featiures were similar to those seen in the control kidney (FIG. 2A). 

Immunohistochemical Localization of TNF-a: No TNF-a expression was; detected in 
the control kidney (FIG. 3A). TNF-a was identified at day 1 of reperfusion, distributed in the 
shed proximal tubule cells in the ischemic kidneys (FIG. SB). The treatment group showed a 
greatly reduced e3q)ression of TNF-a in kidney tissues at day 1 of reperfusion (FIG. 10) while at 
14 days of reperfusion, no TNF-a expression could be detected in the kidney sections fi:om the 
AICAR + NAC treated animals (FIG. 3D). 

Immunohistochemical Localization of IFN-^: No IFN-7 expression could be detected 
in ccmtrol kidneys (FIG. 4A). IFN-y expressed was detected in the ischemic kidneys at 1 day of 
reperfusion and distributed in the shed tubular epithelial in the tabular lumen (FIG. 4B). A 
reduced amount of EFN-y expression was detected in the kidneys jftom treated group at 1 day of 
reperfusion (FIG. 4C). There was no IFN-y expression in the kidney sections from AICAR + 
NAC treated animals at 14 days of reperfusion (FIG. 4D). 

Inunnnohistoch^DOical Localization of iNOS: No iNOS expression was seen in the 
control kidney sections (FIG. 5A). iNOS expression was detected in the ischemic kidney 
sections at 1 day of reperfusion and was found to be distributed in the shed tubular q)ithelial 
cells in the tubular lumen (HG. 4B). A reduced amount of iNOS ejqpression was seen in tibie 
AICAR + NAC treated kidney sections at 1 day of reperfusion (FIG. 40) while no iNOS 
expression could be detected in the kidney sections fiom AICAR + NAC treatment group at 14 
days of reperfusion (FIG. 4D). 
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Immunohistochemical Localization of Apoptotic Cells (Tunel Assay): Examination 
of tunel-stained sections from control animals revealed very few apoptotic cells in the proximal 
convoluted tubules and glomerulus (FIG. 6A). While the untreated group showed and increased 
numijer of apoptotic cells (FIG. 6B) the combination therapy reduced the expression of apoptotic 
cells with only very few apoptotic cells (FIG. 6C). While the kidney sections from AICAR + 
NAC treated animals did not show any apoptotic cells and these sections appeared similar to 
control kidney sections (FIG. 6D). 

EXAMPLES 
Discussion 

Kidneys stored hypothennically for transplantation show varymg degrees of tissue injury, 
depending upon the duration of preservation. The preservation or reversal of damage to organs 
stored for long periods may be possible by suppressing the factors affecting acute tubular 
necrosis (ATN), delayed graft functions (DGF) or the loss of organ viability. This may be 
accompUshed either by the development of improved storage methods or by the use of a 
combination of pharmacologic agents during reperfiision to suppress reperfusion-induced injury. 
The mventor has aheady shown the efi&cacy of a combination therapy in attenuating injury in a 
rat model (Dobashi et al, 2002) as well as a canine model of normothermic renal 
ischemic/reperfusion (Sekhon et al, 2003b). The current study shoAvs that a combination therapy 
of AICAR + NAC attenuates the renal ischemia/reperfiision injury in a canine model of 
autologous renal transplantation after cold preservation of the kidney for 48 hr. This study 
indicates that drugs that attenuate various critical cellular events induced by ischemia/reperfusion 
in different parts of tlie cell and in different ceil types in an organ may provide effective therapy. 

The ratiionale for designing a combination therapy is based on the fact that multiple 
deleterious events get initiated during ischemia/reperfiision injury in different cell types of an 
organeUe and all of them synergistically confaibute towards an ineversible injury. NAC is an 
antioxidant that reacts with hydroxyl radical and.hypochioric acid but is poorly reactive with 
hydrogen peroxide and tiie superoxide radical. NAC has been used in a variety of disease states 
like acetaminophen toxicity, puhnonary oxygen toxicity and human immunodeficiency virus 
infection. It has been shown the protective effect of pre-administiration of NAC on focal cerebral 
ischiemia in rats (Sekhon a/., 2003a). 

********************************************************** 
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All of the compositions and methods disclosed and claimed herein can be made and 
executed without undue experimentation in light of the present disclosure. While the 
compositions and methods of liiis invention have been described in terms of preferred 
embodiments, it will be apparent to those of skill in the art that variations may be applied to the 

5 compositions and methods arid in the steps or in the sequence of steps of the methods described 
herem without departing j&om the concept, spirit and scope of the invention. More specifically, it 
will be apparent that certain agents which are both chemically and physiologically related may be 
substituted for tbe agents described herein while the same or similar results would be achieved. 
All such smiilar substitutes and modifications apparent to those skilled in the art are deemed to 

10 be within the jspirit, scope and concept of tiie invention as defined by the appended claims. 
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C3LAIMS 

1. A method for reducing ischemic/reperfixsioii injury to an organ in a patient comprising 
administering a therapeutically effective amount of 5-aminoinraiidazole-4-carboxamide 
ribonucleoside (AICAR) and N-acetyl cysteine (NAC) to the patient. 

2. The method ofclaiml, wherein the organ is transplanted into the patient. 

3. The method of claim 2, wherein AICAR is administered to the patient before, during or 
after the organ is transplanted into the patient. 

4. The method of claim 3, wherein AICAR is administered to the patient before, during and 
after the organ is transplanted into the patient. 

5. The method of claim 2, wherem NAC is administered to the patient before, during or 
after the organ is transplanted into the patient. 

6. The method of claim 5, wherein NAC is administered to the patient before, during and 
after the organ is transplanted into the patient. 

7. The method of claim 2, wherein AICAR is administered to the patient, before, during or 
after NAC is adininistered to the patient 

8. The method of claim 2, wherdn AICAR is administered to the patient from about 30 min 
to about 90 min before the organ is transplanted. 

9. The melhodofclaim 2, wherein NAC is administered to the patient from about 30 min to 
about 90 roin before the organ is transplanted. 

10 The method ofclaiml, wherein the organ is a heart, kidney, liver, pancreas or brain. 
II. The method ofclaim 10, wherein the organ is a kidney. 
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12. The method of claim 1, wherein from about 1 to about 100 mg/kg body weight of AICAR 
is administered to the patient. 

13. The method of claim 1, wherein from about 1 to about 200 mg/kg body weight of NAC is 
administered to the patient. 

14. A mefliod for reducing the risk of organ failure caused by ischemic/reperfusion injury in a 
patient comprising administering a therapeutically effective amount of 
5-aminoimmidazole-4-carboxamide ribonucleoside (AICAR) and N-acetyl cysteine (NAC) to the 
patient. 

15. A method of reducing delayed graft fimiction of a transplanted organ in a patient 
comprising administering a therapeutically effective amount of 
5-aminoiminidazole-4-carboxamide ribonucleoside (AICAR) and N-acetyl cysteine (NAC) to the 
patient 

16. The method of claim 15, wherein the delayed graft function is caused by acute tubular 
necrosis. 

17. A " pharmaceiitically acceptable composition comprising 
5-aminoinamidazol6-4-carboxamide ribonucleoside (AICAR) and N-acetyl cysteine (NAC). 

18. The pharmaceutical composition of claim 17, wherein the pharmaceutical composition 
comprises from about 1 to aboirt 100 mg/kg body weight of AICAR. 

19. The pharmaceutical composition of claim 17, wherein the pharmaceutical composition 
comprises from about 1 to about 200 mg/kg body wei^t of NAC. 
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FIG. 2 
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